A new experimental system for simultaneous application of cyclic tensile strain and fluid shear stress to tenocytes in vitro.
Tenocyte mechanotransduction has been of great interest to researchers in tendon mechanobiology and biomechanics. In vivo, tenocytes are subjected to tensile strain and fluid shear stress, but most studies of tenocyte mechanobiology have been to understand how tenocytes regulate their functions in response to tensile strain. Thus, there is still much to know about tenocyte responses to fluid shear stress, partly due to the difficulty of devising a suitable experimental set-up and understanding the exact magnitude of imposed fluid shear stress. Therefore, this study was performed to test a new experimental system, which is suitable for the application of tensile strain and fluid shear stress to tenocytes in vitro. It was experimentally and numerically confirmed that tenocytes could maintain their in situ morphology within microfabricated microgrooves; also, physiological tensile strain and a wide range of fluid shear stress magnitudes can be applied to these cells. Indeed, it was demonstrated that the combined stimulation of cyclic tensile strain and oscillatory fluid shear stress induced a greater synergetic effect on tenocyte calcium response and significantly increased the percentage of tenocyte exhibiting increases in intracellular Ca(2+) concentration compared to the solo applications of these two modes of mechanical stimulation. The experimental system presented here is suitable for research of tenocyte mechanobiology, particularly mechanotransduction events, which were difficult to study using previous experimental models like explants and cell monolayers.